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The far-zone field of a transmitting antenna (primary source) 
resembles the far-zone field by a scattered (secondary source) 
i n  t ha t  each of the far-zone fields i s  a TEM wave t r ave l l i ng  
rad ia l ly  outward from a body o f  f i n i t e  spa t i a l  ex t en t .  Choosing a 
spherical coordinate system centered on the body, (see Fig.  1) we 
note tha t  i n  the far-zone of the body the  e lec t r ic  vec tor  has the 
form 
- E = Re[%Fe(e,@) + 4 9  e F ( e , @ ) ]  exp[i(kr - ~ t ) ] / 4 m -  
where g9, 3 a re  u n i t  vectors in the e ,  6 directions and F e y  Fg 
are  the components of  the  far-zone  field  amplitude. In terms of 
Fe and F9 the Stokes parameters of the far-zone field are 
These parameters completely describe the polarization state of the 
far-zone f ie ld  [ l ] .  The purpose  of the present  paper i s  t o  r e p o r t  
certain global properties the above Stokes possess over the 
surface of a far-zone sphere. 
For So we have the following theorems: 
Theorem I :  So can not be constant  over a far-zone  sphere [2,3]. 
Theorem 11: So can be determined over the entire far-zone sphere 
i f  So i s  known over a patch.  This  follows from the  f ac t  t ha t  
Fe and F$ are  ent i re  funct ions of the complex variables 0 and 
9.  
W i t h  the aid of Theorems I and I1 we see that  So can n o t  be 
constant even over a patch on the far-zone sphere for i f  i t  were 
constant over a patch i t  would  be constant over the entire sphere.  
Theoren: 111: The locus of S, = constant must be one o r  more closed 
curves or one o r  more isolated points on the far-zone sphere. 
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far -zone sphere 
Fig .  1. A is  a  patch on the surface of a far-  
zone sphere. B i s  i ts  complement i.e. A+B = the 
entire surface of the sphere. If Si(i = 0,1,2,3) 
i s  known over region A, i t  can be extrapolated 
t o  all  points of region B. However, if region 
A reduces t o  a curve segment, none of the four 
parameters can be extrapolated. 
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For S1, S2 , S3 we have 
Theorem IV: I f  Si ( i  = 1,2,3) is constant over a patch, i t  must 
be constant over the entire sphere.  However, since Si = Sf + 
Si + S t  f o r  monochromatic radiation [4] and since,  as 
mentioned above, So can not be constant over a patch, only 
two of the three parameters SI, S2, S3 can be constant over a 
patch a t  t h e  same time. 
Theorem V :  The locus  of  constant S i ( i  = 1,2,3) must be one or  
more isolated points,  one o r  more closed curves, or the 
entire sphere, 
Theorem  VI: From a knowledge of S i  ( i  = 1,2,3) over a patch i t s  
value over the entire sphere can be found by extrapolation, 
as i n  the case of So. 
Wherever we have S3 = o on a far-zone sphere, the 
polarization is  linear.  This  corresponds  to what Miiller ca l l s  a  
L-point [5]. Wherever we have SI = S2 = o on a  far-zone  sphere 
the polarization is  circular .  This  i s  what Kil ler  cal ls  a  C-point .  
Miiller has shown t h a t  i f  a l l  p o i n t s  of a patch are L-points, then 
a l l  po in ts  of the ent i re  sphere must be L-points.  Clearly,  this 
is  a  special  case  of  our Theorem  IV. He has also shown t h a t  i f  
a l l  points  of a patch are C-points, then a l l  po in ts  of t he  en t i r e  
sphere must be C-points. T h i s  i s  a l s o  a  special  case  of  our 
Theorem IV. 
In the design of antenna and radar systems the above theorems 
del imit  the dis t r ibut ion of polarization over a far-zone sphere 
so t h a t  once the polarization over a patch has been specified the 
polar izat ion over  the rest  of the sphere i s  f ixed .  For example, 
if  a t  some point P on the far-zone sphere we have left-handed 
polarization and i f   a t  some other point Q on the far-zone sphere 
we have right-handed polarization, then along any path on the 
far-zone sphere that connects P and Q a t  l e a s t  a t  one point along 
the path the polarization i s  unavoidably l i nea r .  
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